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(54) ffl COMPOUND NITRIDE SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance pinch-off 
characteristics by forming a buffer layer on a single crystal 
substrate and then forming an active layer of aluminum 
nitride/ gallium/indium crystal layer through the buffer layer. 
SOLUTION: A buffer layer 110 containing boron and 
phosphorus as constitutional elements is deposited on an 
insulating single crystal substrate 101 of calcium fluoride. A 
boron nitride phosphide mixed crystal layer 114 is formed on 
the buffer layer 1 10 by ordinary atmospheric pressure 
MOCVD employing trimethyl gallium as a gallium source, 
ammonia as a nitrogen source and phosphine as a 
phosphorus source. A crystal layer 1 1 5 of aluminum nitride/ 
gallium/indium crystal layer represented by a general formula 
AlaGaBIn1-a-BN1-7My (0<a, B<1, 0<a+B<1, M represents a 
group V element other than nitrogen, 0<y<D is formed on the 
mixed crystal layer 114. 
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raraas 1 ] Jfcsttt© 7 y -ft* ^ -> 7 a ut^st : c 

aF 2 ) *&tt««l&JUMEfc. 

# : B) t'J> (tEJMW : P) t )?5ot* i: LTt 

trim (a''v7t) nt. 

f&StA 1 aGa/3 I n,-a- i3N,-rMr (OSa, £ 
£SU OZr< 1 ) -e*!3$n-5M{tT;U5-»>A • 

H8*SS 2 ] HiJIBiSffiB^, W* ( B ) K^F t 'J > 

(p) U xtmmgmfa&ih (b x p 

y > <ILXS 6&t>'Y = 1 £fcC±2) «#W«$r 1/2 

o jjrFt-f s b p&i i i - vmt&tovmms&fr tm 
r»*H 3 1 memmw, u wtw* • > 7 a 

laifl (B. In i-aP, fflL 0 < a < 0 . 6 2)A^& 

4ct*«p«t-r*9i*ai7iS2ii3att©iii mmit 

[»#3R4] iJf3^»B*\ fIlBm*S B B B S«to^® 
*ci:«r«f«i:-r*a!*3Sl75M3{cie«©III SSSft 
[OOOl] 

& a e> tt * ffitte «#wb*s! h 7 > v x * 

(FET) **^-r-5fctotcJfiiicffli^c:t*<-et 
*. 

[0 0 0 2] 

[S£3fcroftffi] — fiS^A 1 oGafl 1 n,-o- )3N,-r 
Mr (OSa, )3=SK 0 a + j8 £ U IB^MtiMH 
^O^VSl7£^«raL. 0S 7 < 1) T-^IB^n-SS 
{t7;U= -7A • 9 A • >v9 Aifc£J|;6^&.|.II 

ft) ^ih^^WLTfcO, — USUirM r-V<> K+>'y 
7" (wide band-gap) ^#<*tift>Sn-r 
^* HH^. r 1 1 1 -v»<t^i|<j*# 

( 1 9 9 4^5^2 0BMR, (HO iSS^fe 
ft) . 3 2 9 . 

[0 0 0 3] 1 1 1 mm<tw>¥mm±, js*m«i:^ls 
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BMRS 8 &L «*) ^ □ +#3ffi ) , 2 8 - 2 9 H# 

»:LED) fc-SiHiU— (fr-f*- K (HBgfft : L 
D) fcl^ofcfyfcjfrPaJSttJB (IS*®) i:LTfiJffl$ 
tiri->-i> (Mat. Res. Soc. Symp. Pro 
c. .Vol. 449 (1997). 5 0 9- 5 1 81 
H5) . ±EO«fc^<cf63t* : F©flSJc. HI Bggfc 

4fe¥*ttfcU ISr-ffl^l i^lifl ( b a n d - g a 

[0 0 0 4 ] III »3i<t3l*j3|iaM*^e,««LfcffittJi«: 

Ih7 >vX> (F i e 1 d-E f f c t Trans 

1 s t o r : B§#F FET) «r«^LfcW**. «MZ, 

2 i^7cS?*"X (two — dimensional e 
lectron gas) (Dm&Mr !8tt£f'Jffl Lfc^ 

IS K— 7*F ET (Modulation Doped 
FET:MODFET) frta^tlX^Z (E 1 e c t r 
on. Lett. , 33 (14) (1997). 123 
20 0 - 1 2 3 1 1) . 

[0 0 0 5] i^JRcDM O D F E TroKErt»itc7>fffi5£0iJ£ 
HI 1 C«*f*. 01-e, IS10 1 Ktt, i&jfttT-A 
7511 (hexagona 1) coa-T;ui^- (AU O 

3 ) (*77-f7) AHRCffifflJn*. t77 
-f7tfSSiLT«fflsn4oi±, ill 8!S<t!lJj¥#{* 

Xtt^lT^I>*bf*^„ f77-f7lil 0 1 
±tct±> Sffiil 0 1 tSttHl 0 3 1 1 i£M 

<t®)¥-mtet<Dl& : ?5. Xvy ^ (m i s -ma t c h) 
30 CifilS;,fJLr, Mffimi 0 2#SRf9:;**i*. IgijII 

i o 2ti. mnfo4 o or*>^»^6 o otojt«wf£S 
T*®.mzft&tztb, wsmmmtrntn* mm mm 
mi -vwnt&fa^mfoi (i 994^5^20 
Btnm.. (**) JS»«3tfT) > 3 3 5M#M) . zco{& 

SM&mi 0 2t±. g£5f?J:9M{t7;l^-7A • #'J7 
A (A 1 A G a b N. ffiLOSA. BSU A + B = 

1 ) fr*mi8.tStl%<OW— HSfl*)-C'S)-5 - 2 

2 9 4 7 6 #&tf©1#IW3p 4 - 2 9 7 0 2 3 #^^«ffl 
»#M) . 

40 [0006] msmmm 1 0 2±ict±, feti:*ot 

\i=f-*Z)V (c h ann e 1 ) Mt ^uf (fti^SttB 1 
0 3*«aH$n^„ iSttll 0 3(±. n^^tip^O 
«Sttro^#^*S B 3 B g^'b«fiE$ti-S». (e 1 

e c t r o n) $:i.tz&WMteW (major i t y 
carrier) tir% F E Tlz$> -? X (±. nBMitif 
'J 7 A ( G a N ) t£iZ<DnM\ 1 1 gOSfl:ttg¥*tt*SA#t 
^>?Sttg 1 0 3 Sr«fi£-r*(D^a^]T?** 0 ffitt© 1 0 

3±u:t±. —mzm^imm 1 o 4 t^n^nm&m 

50 ten 1 0 4 t©«^#jSi£«lroffi<»^«^W«-r*§ 



■ • 

3 

k (band) mm&mn-ztztt>iz^ m^m^ 
m i o 4 tigffli i o 3 <to tsutflMi**t-r*iii 
^fl^¥sw**e><»S3n*. i o 4 t*. 

mziinMtt&®>o>$mt t -v>7 (±iero ri 1 1 -v 
^t^i¥Sftj . 10 8-11 0H#JB) SrifeLfcn 
^©SftTJl/S-^A • #'J (A 1 a G a b 

N. IIL 0 SA, BSK A + B= 1) A^«^-S<D 

[0 0 0 7] 1 0 3 tlf^i 1 0 4 tOT^K 

Kti. x^-iJ- (spacer)gl05 <h*fr£n-S>. 
Sttg 1 0 3 £li)5E-rstt!4<fc 0 fe*±W*«r*:i:-r* 
*t*4 6 ft -5 ffitti£a>l£ AJf A $ n* 0>#ii0« t ft 

(Electron. Lett. . 33 (1 
6) (1997). 1413-1415 S#M) . ®S 
x^-tll 0 5t±, 3Ftt«jS:SK8tC^JOLftt>T> K 
-7* (u n d o p e) © n TfMfbT ;l/ i - 7 A • tT'J 7 
ASH (A 1 A G a b N. fiLOSA, B^U A + B 
= 1 ) fr&DWcSn*. S^^B 1 0 4±fc(i. 
MffifiiW^-- 5. -y 7 (Ohmi c ) Igt* * V -X 

(source) ttffi 1 0 7 &t>* KMXdrai 

n) tti o &<ommzmati&ffi&tji<nnB\\ \ mm 

itM¥-&Wfrt>t&%zi-s9 9 Y (contact)il 

0 6 34*wisn*. h§i o 6t±. — jrc*? 

m&mi 0 4«fc9/J^t'«StJh : SHB«:Wr*nJBIII ISM 
1t®¥m&frt>mi8.ZtiZ>. hl§\ 064n)g 

Bftar (GaN) *^?>«fi£-r (Pro 

c. of the 2nd. Int. Nat. Con 
f. Nitride Semiconductors 
(Oct. 27-31. 1 9 9 7 . The Japan 
Soc. Appl. Phys. ) . 4 8 0 -4 8 II 
#M) . Y—b (gate)lll V- 

xii i o 7 Rtf k u-t >mm 1 0 8 ©Pb1cd=i > ? ? r 

PI 0 6 £|5$*LT'J-trX (recess)SPl 16* 

asy-trxSBwa^fla&jii o 4^m±(c«cisl 

TFET£tg/5Ki-&. 

[0 0 0 8] t£*©III ^{b^W&St^ti. ±1B« 

T^*. 3fci\ S«<fcLT^ffl;*n<S>ir7 7'f'Tt±A£ 

•T-S^aiJKi. ttFu^)W& (wu r z i t e) SSJI 

(A1 A G a b N. {BL0SA. BSK A + B=l) 
i^'i^7^Jl'7 7X (amorphous) S^AIlr 
(#Hf§¥2-2 2 9 4 7 6#&ffi>91JQ 

o^Aif ^ SifiE $ n r t > s c: t & „ 

[0 0 0 9 ] 
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U«t 0 t-$&WM\ v 3 -y h * ( S c h o 
t t k y ) jg^MOTF E T (M E S F E T) . m^&m 
^(low-noise) MESFETWODFET 
T-li. Ift^fiSJ (noise-figure) sd^Ciffi 

[ o o i o i 1 1 1 mmimz-mfom? m&<ou$tv>mm 

l±. J±S (tTivr : p i e z o ) S&SfcM-f * 
(±I2<9>C$aE lectron. Lett. . Vol. 
3.3 ( 1 9 9 7 ) mm) . S£oT. fi»J/LtfIII ^S{t^) 

ttliffl^nsfccoift*. 

[ooii] ejc.vrtt*««5af*n*flE*^i4, JMra 

(cub i c ) ©m mmmz-mfa&gkxHi^ a^a 
or. a2rs©m ^M{t^i¥ii^B B BP*^s?s$n 

M{k^¥i»^$5 B B B )SA^«Jl«Jt#5r«l5-r « tcH. i 
Sp B p»*e B B ^IS 1 1 « © A'itf ffHt-i flKfi-e 
ti, r-f K«^MSl^ B B BT-igStto^^m*S B B B * 
S(f'j3» *S«t LT, III 8?S<b«j¥#{*3ibt 
SlH 1 (LED) *«)iK-r-S.S^^/Tv$tLT^-5» (E 1 
ectron. Lett.. Vol. 33. No. 23 
30 (1997). 1986-1987 H#M) . L^L. 
L E Dft ifW^Tt^iliflft 0 . F E T»«^(C«. 

[0 0 1 2] jt^B B B T*^tt$rWr-5^S B B B Wif4C±. M 
ftv^y^A «t^:MgO) ftif*^lf 

z.*iho>tt&wmmt\\\ mmim^mw^B 

tt±. ii^litS^roS XV'yf (m i s-ma t c h) 
*<fiRSE-r*. mif. 3i^ B B B roffi^ttmiS B B B T-fe*7 y 
<b*;Uv7A (^iC: CaF 2 ) ©*frP£SK±, vU 
40 3 > ( 5 . 4 3 1 A) tc>fif> 5.4 3 6 Afili ( 
W38.it&Sm ^3ISJ ( 1 9 7 6^4 ^5 B. («c) 
g^»JS^T) .115 1S#M) o ^oT. tfrFSft 
£3$4. 5 1 Ai:i--l>3i^ B 3 B GaNi:0y^ Xv.y^fi 
(±. GaN*«?gt LT^J2 1 %cDA#$tciS-r-S>. Z 

1 l^<l^¥*#«f JIJi t cot&^ro -xvyf Sr^ffl-T 

(cffitKJ (±1B«0 A ppl. Phys. Lett. . 7 

2 (4) (1998). 415-417 S#J1) . > !) 
50 a VS1S±(CA^ B B B <DA 1 N*>f>ft*i^ffig«rESL 



5 

ntM. L^U -Xl5ik<VmtT>l<\-^L. (A 1 

[ 0 0 1 3 ] > ') 3 > ( S i ) *S«t-T* 1 1 1 J^Sfb 
tt¥#f*3^*?©f6©BfljS0J-<*tt, AUGav In 
z B,-x-v-z P (OSX. Y, Z<U X + Y+Z = 

i ) mikmftK.ttA-ebzN&iMmsmtov xtm 
m (bp) gsrvy ^y&mz^^xommmtLxm 

ffltSW^?.nTl^ (Hra?2 - 2 7 5 6 8 2-§- 
. fccW, BPO«ffSfttt4. 5 
3 8 AT'*^©i:WL, S i 0-&nt± 5 . 4 3 1 At* 
fief, r¥«f*TVWx«fMj (l 
9 9 5^3^3 0 BM*u (HO JgJSfil&fT) „ 2 8H 

#M) . t^r, s i &m<Dmm±ic mmmt lxx 

0>JSM**0LTfc, JSfiL-fcJBttBP (boron 
monophosph i de) s£^t±B 13P2 frhfils 

-ffi, ss 2 8 @«sAj$£sn#flmft* 

( rs^^g^Uj , Vol. 24. No. 2 
( 1 9 9 7 )). 1 5 0M#M) . C0>»fcJ8Ktt©flR 

^i»bji±j=h, mm^m-t^^m^mmx^^z. 

[0 0 14] BPSIII -Vift^i¥S*|g a B B (A 1 
x Gay In, B.-x-y-z P. {SL-OsSX, Y, Z< 

k x+y+z = 1 ) i±wm&wm<Dtt&'mgkxib% 

(5fitfi5S«Hf x rjfcy/<>f x j (¥>& 9 fg 5 £ l 5 BflJ 
HESS 8 ®k (ttO a ^-?±H?t) , 2 8 ~ 2 9 H# 

5 3 8 A) (±. 5Mrflfl)G a N (tft^ffiR- 4 . 5 l 0 

(tuaiw r 1 1 1 -vmt&fa¥-m&} ,3301 

ttfc-f * B PXISM*, t LTSWWClC^a 

L T & <5 1 1 1 J^<bM)¥*tt&aH0fig£*Rfg 
B P^ B B B A^^-i.^iijll^^fi-r^/c46ros^ 

<Dtzz&m2nxtst>-r^ £tigm±<o&*BPmf& 
&m zmm-t z iz<m t $ n-s®# t mm t a* x ^ 
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[0 0 15] JbJ4©nS**5S^#IBft^*fHH£l, 

fc* 2 <z>shb<i, *©ar*ji©«eift3yi«sa»«±(c, 
asr*© 1 1 1 mmm*mw&Mkmfr h tt&9am&# 

10 B B B roffi^ttS«i:©^(7)?F^tt$rJ:0^<^«]-r^ 

miz-tzztzsmt-tz. ^ lt, #*ifl©*>*w& 

lll±, cn^.©IIfflSa*ii;t, 2i^ B B B roill J£ 

a<b»»¥aM*^?)<c*aHftJB«:*flii-*iii mmim* 
swms? zmz-t « c t m * « . 

[0 0 16] 

20 *5IBflT-t±7-y{t*;Uv^A (CaF 2 ) 

m&ntL-fiikommmt Lxt&mx&zt uta^t 
mmzfenmzbtzi-ftztt) ©s# * <i>l fc y vftii 

(BP) *tt!4A>€>>5e*a«Ji«:S«|-r*tO-C**. 

[ooi7] gp%. i izmm^m^ m 

W&<r>7v{'tl3)Ws*j A (fb^iC: CaF 2 ) *^/«£-5 

*«nl««i. ISmilS B B B S«±t-ffM$tl/-=^V c £< tt 

fflB^ (^*ie^- : B) t U > (5£^I£^ : P) <b£fi/$ 

30 LTtt« (/<77r)it, mtzm&ghmm 

±.lzffii&£ffim&frLXBmZtltz^ -f&RA l a G a 
j8Ini-a- j8N,-rMr (OSa, 0^a + 

< i ) -e^ie$n-i>M<bT;u5 — • • ^ > 

v ^ A J!, H ^ <i /j; -i, SttS t * ^M^" -5 1 1 1 WzS-itty)} 

[0 0 1 81 4*:, *B»|ft*S 2 K85«038WJ±x « 
ijg±^ji^ B B B T-J.-p^ttSr*-r-S»III il(tft¥« 

(b) iftuv (p) sj^t^e.**'; >itmm&m 

(Bx Py . IILXg6MY = 1 4fct±2) W 
#WMSr 1 /2 OJ^Tt-t-S.BPlF.111 -VBHt^SJ* 

i»<**s B B B A^S)5!c $ c t t -r z t> <ox& 
[ooi9] *m<omim 3 wsmoftmit. m 

50 IBi^ffie*'. 'J VYbflH^ • -f >v^A$g B B B (B„ I n 
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!-« P. {SL0<a<0. 6 2) frbte* Z tZ^mt 

lti^o mmmm&, mm&Jt (=a) ©¥^«r 

a— 0. 3 1 ^"^""SBo. 31 I no. 69 

[0 0 2 01 *fc, *S»f»*3a4tcfB*ro§|Bflt±. M 
*JS 1 7iM 3 KEK©aHBH* < , mzEM&gk&fakoR 

[0 0 2 1 ] 

ij ({b^S;: GaP), SMbtf'J^A (G a A s ) 
"J Wb-f > v A ( I n P ) * ir©WEiSlfcSl© 1 1 1 

<D&m (Si) ^yn^r-^A (tc^IB^- : Ge) ftif 

<D*.m Ei«its»ift 

7^->>)i «b¥5t: MgO) , »t7V#V 
St: MnO) ^»^b--y^r;U «b^*t : N i O) 

Hi-, (spinel) MM©MgA 1 

2 04 mtf&Z (Int. Symp. Blue Las 
er and LightEmitting D i o d 
es ( 1 9 9 6 , Ohmsha, Ltd. ) . 80-8 
5H#M) . 

[00221 in mmim^mwmikmcDf&mii. ma 

1 0 0 Q'CWfrHt-Zn&MZ.&M&'PX&ZftZ (**& 
H. 35IP », r**j , »2 2*, * 1 1 * ( 1 9 
9 3 ). 6 7 0H#M) . S1St±^^^lSfil-iW^tt 

- VMt^***^S-e*«G a A s ©lulli> 1 2 
3 8t-e<fc9, lnP©fW± 1 0 7 0ttS>^ (±E 
© r 1 1 1 -VMt^i¥f#J . 1 4 8K©*7. 1# 

tfcGaPli. 1 4 6 7t tit^Wi*^MJ^.5r 
(±ib© mi -Viffc^ififc . 1 4 8H 

©a 7 . i #m) . ®®.&<om££kmm«g%. Lnm 

[0 0 2 31 — 2f . ( S i ) , ^ffl. v U 3 v ( s 
i 1 icon)l±, 1 4 2 Ot (±33© mi - 

VHtffft¥#*J . 1 4 81«i7. 1#M) i:-T-& 

W&i4©fc-5***4-efc<5. l^l. fS©7c^*#^-e* 

jafcFETKCi, mmKLX*.R \ 0 6 Q • cm«:« 



[00241 MgO. MnO-fN i OC±. Wg&tt^** 
iSKb^¥*£M#ft L^L. Ill ffiM-fb»¥»& 

*»£«-f*l*©ttaW*3* GcJKE^: N) 
TV^-T ab^it: NH 3 ) tcJ: 1 ). «ffi©tt!Si*^ 
{b"f ^X&tf&'S (±IE©Int. Symp. Blue 
Laser and Light Emitting 
Diodes. 81 H#M) . £ fc. MnO. N i O 
tf^lttMfcaXjl' r (ft£*5t : C o O) l±. fflWlftWRI 

(i996^io^3ia~ii^iB). wm&mv 

- 3 . 2 0-21 H#M) . (spinel) 

«is©MgAi 2 o 4 s«±«-i±. ^m^wmm 

<m¥-Bfa (GaN) (±IB© rs i CS. 

t>*M^ r 7'i' K*>-y-7 - ^*^^^*SMJ . 2 1K# 
ft) . L^L. xt*;HHJi6S©*SS<>iflWKt»ll!tt«: 

MODFETOjin<> ^fp (het 
e r o) m&RW(OM.^Zb^xm&t!&tz{&&6T.<D 

^r-fy>r(dicing) ^®^«t*»-&^t±S^ 

[0 0 2 5] 7-y^bA^v^A (CaF 2 ) l±. 

1 3 7 3t;i:^-5^Mi^iSsa B B B «*4^*-& ( rg^Hfb 
30 ^S?^ ?£3)i£j ( 1 9 7 6^4^5B. (*) S«» 

JiSfSff) .115 1H#M) . SP^. HI KM<b^# 

t£j , 1 2 7 8H#M) . iEA®^c7)®^[6](-Bfl 
K^r^SrSi"* (C. W. Banf> rft^H^J 
(Bgffl4 5^6^ 1 5BWR6. (*) lgSfil^T) . 5 
0M#M) . Sjh#*a*M 5. 7xunn>*' 

;Vr (eV) t^#^«aW^I6^W^*.^> 
tftfiB^lf. rfrL^tfvXi^ro^ttJ (BSfQ5 9^ 

40 8^20 bwrs^ i »J. <*) Bn^^T-^mpm 
ft) . 6 2 9 h. so-'©B*^a^s. rammai 

J:xt^->-j ( 1 9 9 2^1 in 1 0B*7M. 
(*) ^ffili^T) . 1 6 7H#M) . ftoT. CaF 

2 co^®±tct±FETtrtt-. MAlf-yi^" (Z e n e 

LT{i^-l.'<^S#«r<ix.r^.5»iSB B B -e*-5„ sEtc c 
aF 2 t±. Jt¥Wt=aW**f*4T?**. fi£^^> 

50 ±-pfcflHfcfcS«i:LT*Jffl-e**. yfc»W*aWtt*. 



9 

&®mx£Z 0 i»fc«>, *F*&tt»^©£3fc©IK9 

aF 2 «r»S*S**t*4i: LTfiJffl-r^. 
[0 0 2 6] CaF 2 A^&£liMSJia«_kU:(±, BP 

1 1 1 - v^t^rti^^^^ te&mmm zvm 

* (^.mtm : B) t 'J > (7c*K# : P) <fc 

t fe««5c*t L-C*t.MII-VJSHt^«l*aM*t»* 

*. bp^iii -vmt&m^m&oi&ftK-mizit. 
vxtmm (bp) a^-s. bp frztsizmwmii. u 

ftHSSt at^iC: BC U ) (B) WfcU Hit 

ft 'J > (PC U ) *U > (P) mt-fZ'^U K (h 
a 1 i de) nmi&Si (VPE) •JfiSWtb**. 

*7> at^it: BH 3 ) !&<-M±v#7V 
5t : B 2 He) (B) Ut U *X7r/ «t* 

it : PH 3 ) ttif«r»; > (P) 

(MOCVDffi) ICJ: 0fiE^r*t^. o Sfc> 

7mit%>)Zm%\t-t%^<{ K7>T K(hydride) 

[0 0 2 7] fi£*©BPfr (^¥2- 

2 7 5 6 8 2 ©#r^¥ 2-28837 1 &t>*<3> 

wn¥2 - 2 8 8 3 8 8^&&mmm^m) tarn* 

SHtix aaaw^sa* (.^mw tem) kj: 
&Ltz*mum*>z>B pmrnmrnmr e um^WMm 

*¥mizfat>&BPWffim 1 1 0(±„ CaF 2 
S* 1 0 1 £<z>&-£^® 1 1 1 J£6Swfg« 1 1 2 ic. X 
h7'/X + - ■ 9=7 7.9 9 V (Stranski • K r 
as tanov) =e- KU:J:*JSfi*3t (±IB© r»§i 

mm n * & <e * ji #ies * ntefltaE t <c -» r ^ 4 . hms 

[0 0 2 8] ±Jd«©«fco&«J&a^ft*BPiSI»®ti > 

&t2>z.tlz£r) , $%.LXmm-e£Z. 0<Rtf, BC 1 

3 /PC 1 3 /H 2 KVPEftCJ:«affi^ 

?£r*ti. ^ESiiajs^^3 0 otcbuj&s 0 0t:JyT,^:•r 
x$m 0 c v D«*at-e(i. ±E©*sji#rac* & b 

P^jBg^f'S.n-SOti. M&2 5 0"CA^6 0 ot» 
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-5. 

[0 0 2 9 ] *<D&<D!$.m&m<o&iEmm(o±mmRzf 

±m©Sai:Ci > CaF 2 £©Jg^#HSififc 

mmm<D±wwmfc&fr 

*BP«ffig#»£ft*fi«-ei&* 0 BP (ttMK- 
4 . 5 3 8 A) t&TJJIG a N (*4HFSjR= 4.510 
10 A) tCDfa? SX-7-y^JK(±il^0. 6%T-*)0, BP 

7j b b b G a NlfiSJi«:SWPi-*»=:«tl-C**i:Jl«*n 

mx-w-mts. 1 1 1 mm^m^mw^ B m^^ lxw »-r 

BPt.cw^-e-, G a N£j£ffli-r SrWc-T 
2 «^M±tc> BJ^G aN^li^-y:$'4^A^oTO.«r 

B B B ,fi^ro^tS*8¥W-r 4 C 

[0030] *f§BflcDBP^«a5gi:t±, tnj&m&m. 
frbmx. ffi&ffiffimtm*z*iz>'<%ti<»x'ib% (± 

lew r 1 1 1 -VMt^ft¥S«:j , 335-337 M# 
M) . BP*-. «-6^»btiT^-Sy 'J 3 >1«±CB 
Pmmm (®#M¥ 2 - 2 7 5 6 8 2^ O&fflW- 2 - 
2 8 8 3 7 1-^. Rlf®ftm¥ 2 - 2 8 8 3 8 8 

mmmmmm) tit, -&<7)ra*£ B B B «^t. 

1 1 1 - v^t^¥^«a B B B g*>^it)5Sci-'S» t^tss'jic^ 

[0 0 3 1 ] ±^$r^14»S>-5iS B B B gi:t- *K(±» ± 

a^u ±«s:«fi!c-r*ii[ -vm-&^¥««s B B B g* 

It* B B B t-f-5 (^C±. B P««tlfJi(cM<t «flt titffftttta 
b^. 5:* B B B ^'ift-S>Jill$rt7t'i-r^fig?rm)5E-t4 
l-(±. Siffi^^W'J Xtffl*^fl#;$S B B B wfi^^J-r4 
50 ikJS**S> -5. ll^^e ;7*X7r-f F (monopho 



• » 

(7) ¥tm 2 0 0 0 - 3 1 1 6 4 

11 12 
sph i de) i:»Sft«BPl:»tt*WJWM* * Zm^Z - tit, mmm±^\05£k*:±fot-?Z> 1 1 1 

£*tt*sa&. -*ssb, Pj c i * o. j ^ i ) -eat miim^w^Bmt-ht^mmmmw^mmzn^ 

j =2^{t^B, 3 P 2 -C*lBSft*tt»a<** (CD tP-g-e*^. ^^tcj^^TB^^P^O 

V. I. MATKOVICH, Acta. Crys f^*"?** 'J >ftffl^^M^ H B a (7)M^/>aicffl]$iJ-r 

t. . 14 (1961). 9 3 IM0J. Amer. *3e&T**£. *^T'ti. 6fflJa±<B«ISR (te^IB 

Ceramic Society. 47(1964). -^:B) 'J > (7t^fH# : P) 4: 6 ft * U 

4 4-4 6H#M) o i £6 ^-T^Be P*<a* WtSl*£««Sfi (B x Pv . (M LX^ 6 . Y= 1 4 
(J. Amer. C h em. S o c . . 8 2 ( 1 9 6 fcl±2) *»«t-&»Ji-*;ltfft£-f 

0) . 1 3 3 0 - 1 3 3 2 H#M) • »J XtmM&Mfa 10 [ 0 0 3 3] fiffcWKCi. BPfJW^'J WMII* 

ef B o-»?S:«l«t* 'J >*^©R*»^" j (±a*(± ^S^ H B H (7)#W*^ 3 0%*$t<hft£#tciT£(a# 

ISfcti: 2 -<?**. ffiLi>. >J Wfc«*£«{«SS0>*ti:. 1/2 0JSTF 

[ 0 0 3 2 ] IWKMtoT, »; >{M^^fift^ B B B -eft^^^bCffiLO, c©ggl:^l©U Wtfflj 

^^WiiraA^atBWiiaijfc^aE^-s. Bi 3 p 2 ***(*isft"ct±. ±^^s H B B ^^^#^s^-r^t±M 

»B<7>«««*4i:LT»4L<ft^©(i. £ftl\, #^&«fi!^*WHs (B) fig^oSoWf-f 
Sffi^S^A^ H B B T^^c:<htc^)^ (±ieoAme £*<Dft^fi*&m^ &Wffi&E.*tt£ 9 . 0J/U£. 

r. Ceramic Society. 47 (196 B P*SSHW^M*-*^-Tft ^CtlS /c^SP^fe^ 0 

4) . 4 4-4 6IStfA. S. T. M. (Ame r i i©W*6ltt, *J ViMSIlMS^^M 

can Society of Testing Ma 3ttTt^ft^t0j&<4$K#* 

terials) cardl 3 - 2 0 5 #J£) . *iajJi 20 [0 0 3 4 ] #U(£Bi 3 P 2 Ci. BP J: 0<XORJS^ 1 

SrStSE-r-SilSfi^a^Ci. ±»Kgtt«a<ft*ffifSjl;:* Cffiot4«c<h^^nti^ (.hia^Ame r. 

fi^oT. A^ B B B (D^ifg±(c«^$n^III ffllgft Ceramic Society. 47 (1964). 
tt¥*fl«M(i. AS B W B S B ®I^^. £0>*tt* 4 4 - 4 6I#i) . 

5 2 BP - 4 B 13 P* + 11 P 4 (JSEitl) 

i©BP©»»»;H*B,3P2 0>£j£«±S5ffiS. JBfT *S B B B ttlc«n^Sejl^itS$ tif#^> 0 »S*5>JfrPSE 

( 1 9 7 3^9^ 1 5 0. (♦*) (^>ftlVg B B B T-fe^(Z)^M^ Ll^o IP*>. 5^1 B B Bc fcO 

UBB«*IBfT) . 2 4 8H#M) . ffiot, ft3*5£B t4^I B B B . 4 5tS B B Bc fc 0 t 3 7C«»fr 

i 3 P 2 T?ft»3ft* 'J >{t™^M^ B B B cD#WM^^ M£ IA\> «S*n^tt»«:fl|itfciKift«afB«:»-6fe 

ictas-r-so^wfijTfe^. # r&nffi^i. rni -v»«« 0 b b j (1993^ 

<h L/-c±r% 5(cb p&mffim<o%mmmk\z&&&m 7^30 bmkw 2 bu oho notagtr) . t&^s: 

B#ic^i>r. mm (B) SeoaC^©«tJS*«r^»^ »* 5. 4 3 6 A<h«CaF, 

L. So. Dig (B) mzftirZV > (P) ffimit, y>ftl«- <f>W£»tSik (B a Im— 

it. EP^P/Bit£*£ii-£<h. B, 3 P 2 *S B B B ^o£/& P) lz£oT. WJfcBiftH: (=a) £0. 3 1 £-T£B 

J: 0»»3ft«*4. BC 1 3 /PC 0.31I no. 69 PI H B B ^bWT^^ 0 

l 3 /H 2 RJC3RS:Mffl-r«/N7W KVPESilcJ:* 3 [0 0 3 6 ] ±fB<7>Sa«f436^<£ffi|g»)B«r«fiE'r4 

5 0tt^tt£BPT*CDj£gTfci:. BC U (7){it^a^ Cfe^t^ CaF 2 m^ B B B S«i:Og^®^(7)?I 
^5x1 O" 6 ^ (mo 1 ) /fit U PC 1 3 /BC «(±. itc*Bfi^e>ft«»^e>«ffi-r-6(0^»* L 

U 0W&Jt&3 0 OflS^ia^-r^C^tci: 0. Bi 3 P 40 l\ *fc-*fl>±£<0«J*ti. ^ B B B M»^i^<h-r^@^ 

2 ^ti^^BPW^lKt^^, «t^^ffiLl\ S£^r. BPKtttf-r*B« 

[ 0 0 3 5 ] Z <biz*mwe(,*, ISft^lB^ftl^tt I n,-a P?g B B B ^^ffi^«g^«/5g-r^^{-* o T 

»*a»"i-*fctf>l;:. S«£«J&-T£C aF 2 Kte^g fc. ^JB^«Pt^^#ea»«Wft««SimiB P© 

^x-£%¥mmmfrZte&{&&mwm&mm^Zo a »-&^(i*ajtLfti\ ^/c. tz:^ B B B ^^ft^>±ii^is® 

*^»^S^*Sfc^JBS««^&ffi^«IS*«^ct- -t&tztbiz^ B a I n,- a PSJI^ft ^fiS^iigti 

ismffimt<Dnw'e&£.irzzxy<(v v^com^ 1/2 oj^t. bp^. b%MTizmm~f'<gz.tizt>m. 

-tt-t fi^^T. *£ B B B ^fig^S<7)/Jv$i^ ftttttt\ 

ifi«»J8^«fiE-e§*?iJ^*4 Q JgfiXH8ffiS^^ft [0 0 3 7] B a I n... PS B B B ^^*^^ffiS^W 
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l$t+&&&lttJi\.\ 2£&ft¥ (strained-la 
yer super— lattice) Zfflf8L't%>tzisb 

<o^&t Lxmzao&TJZ&zmz-tzi&gkmzmmz 
ytfm^tommtfcmi (bs*o 6 1^9^30 bunks 

4 ©k (*) j&JHffiSfr) . 8 3-8 4H#M) , B. 
I n,-« P& B a A^CaF 2 
{£ia*8»B£«j£ai3fc-5. mx-li, CaF 2 
(IB#d (= 5. 4 3 6 A) X-m-t. ) LT, 
A a (A) fcW^fct&^SiS©Sf£ 1 ©B. In,-. P 
SUB («HF^R (A) =d+Aa) fc, tt^SRid 
-Aa (A) fc1-*S2©B« In,-. Pil H B a gi:^3£ 
2C*BLT«»£Lfcfi^l«jft©mB«jftf*tt, £i* 
iLTCaF 2 KBl#*^S#«:*fc-*-ffiB8«B£ 
LTfiJffltb^-5»o CaF 2 <0«HFSR (d) J: «K +A 
asE^t±-Aa (A) ^W«<tLfc»?«ft B 
. In,-. PSfiH, B£&j£it (=a) £*Sit;*-tMa 

[0 0 3 8] JJBLfcfcK, CaF z kfc?*£#m*t 
•SB. I n,-. PigH B arofflafi)?Eit{±. 0. 3 l&W? 
ntfW V-V?Aj§j£Jt£0. 6 9i-r-5Bo.3i I n 0 . 69 
PT'&S. ttfo-T. B. In,-. PSJIri^ifite^flfJg 
*ffi^-r-5it-&(c*oT(i. a = 0. 3 l &cp>kk LT 

(sE^iii- v-V^A) ffljKJtroWgffifrk©;*:/^!^ 
©-fn&3£gi:-f -5©l±, Vegardffl (*# 
fl&B. HI! -VMi#a*j ( 1 9 9 3^7,330 
B39IK£2B!U OK) aatliHI!) . 2 7H#J£) # 
»jjVf-SfcK, IB^SrMtS-a:f=Cli:lcJ;^CaF 2 © 
t&?£2&fr£>©*yKS|S]^©B. I n,-.PlS©t6? 
Si!©Ifii^flitlfcftf*l.. B. In,-. P 

«*©^{£Mt±. «*U&^a>0 

CaF 2 lZ-&-tZfe?j£.%l.Z5-A_Z,mm&m.it 
X&ZO. 3 3 17*5. 

r. b. i n,-, picket, mmmm.it (=a) *<k 

9f#-5ffiHt±, 0<a<0. 62T-*-5o 
[0 0 3 9] *5B«fl©fiiBJ»lf)i±(C(i, USUI S£M 

\mwmfo&ikfrhuz&&m*miix% *>„ , 

Bo. 3l Ino. 69 P (♦S^SIS= 5. 4 3 6 A) frt,45 
<KS^»S±(c(4, 3-*Z)i,m J* 
*£HB£«B-et-5. ^^:7^B ^ B©^t*• , ; (GaN) 
©*£F®BH±4. 5 1 0 A {SBftttB 
•5 Bo. a, 1 no. 69 Ptti. t&^g^-WKIfiUctiftu. L 

&&<o&imz $> 5±@t*& zmtif ^ a & h t& -s. ffitt 
[0 0 4 0 1 (£Si^»e±{cit®S'i4e«r«i^-r 
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-si 1 1 wm<t®>*m&m£kB&mm-tz^mt>&z. z. 

t&^-SMommW 3 . 6 2AJiLt4. 5 4 AJiTr"-*?** 
S<t'J WtB* (B P ,-<5 N <5 : OsSSsSl) ££:6<& 

*. cti(±a^fflfigi± (=*) pamm-?x^ mum* 
mtit-fzizmmtimitTfr =.=.t & • *-u (au 

G a b N : 0SA, B=S U A+B= 1 ) tcf&^g-^Tf- 

£0. 0 3 tt^BPo. 97N0. oaSUti, iJI»Ga 
10 N 5 1 OA) £ 

fc. S^fflfiKlt* 0 . 1 7it5BPo. ssNo. ,yjS B B B 
It, 5A^b b b©A 1 N (te^£ft= 4 . 3 8 0 A) (c— £fc 

*fc, sfcsuui* (bas> 

rNr : OSr^l) *&Hfr£ t^ftH*«fig-e#5. 
OMbilX (BA s ; t^PSER- 4 . 7 7 7 A) ilftl 
1 (BN : t& : FSIS= 3 . 6 1 5 A) tfrZK* 35cS 
b b bT-*5 B A s 1- 7 N r *^:fN5EB£«j£-f -5 - i: K J: 
■3, *r*EB*«tiM^«:»fc-ti:*m KSHbB¥B(**£ 

B B B©««5rif-r;<t^r'#5 0 atjugjsit* 

20 0. 8 1 tt5BAso. 8 .No. i»fflfi^&tt«^r^£JI 
ti\ BP,-5N5SBi-e(±^ai3l5^l>. ^Vv'^Al 
EScit£ 1 0 %b~?Z> G a 0 . so I no. ,oN (*&?£&= 
4. 5 6 OA) fctt^K^fcSfc-fzttfta**. 
[ 0 0 4 1 ] F ETffl^OiSiWBlcfe-aT. ^'ijBl±> 

mmftmmmf&m (mocvd) ksk^h/n 

-T h'7-f K (hyd ride) VPESWMit? 
30 +->+;U (MB E) fiCO— a7$,5#XV-X (gas 
-sorce) MB EW£b'Xl$.BX~g Z.ftt>(D%- 
m\z1£^X, mz.l&F&%t* K-f>r (dop in 

g ) Lt£# Zfm-ttut, mmn&mmmmm l < t* 

(tc^IB^ : S n) „ ^VI^©-tr U V (5c*l5^- : S 
e) f&m (jtmV%: S) ^ if© n B^foV>l<0 F - f 
>7lz&9m&tfimkts.i-z\kib<X'g%. TV K-rr- 
nJB©BPS<Eia^»BtcWL-Cl±. ®II^©ffilS (7E 
40 5g|B^ : Z n) , ^ U 'J 0 A (tc^IB^- :Be)^?7 
*v-)A (TtiitiB^ :Mg), ^IV^©^ (t£^IB 
# : C ) tt if <D p j&ft&lfe© K - f V J: 0 iftfgfcxB 

[0 0 4 2] ffiS^iiB©l?${±, 1 0 um\>XT, Mi 
L< It 1 um&CYt-fZ,. $^(c»*L<li. 5 0 0 0 
AJ^TT-S.0. mz 5 0 0 AJ«*T-ff**t»iLC^ $ 

C a F 2 S«i:©^^Mifi^©^l-^^-5^B B BB 
Sr^tmrtroSS^jRe^BSBEfentf, ffiSSffiBi: 
50 Uro«(iE(±^»K5Elf-r*ii:!6<-e**. 
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[ 0 0 4 3] *3&iflKftto*«iBI«BJB0>±(;:> 'P*< 

■tzmsmmmz^ 9&nmmfr e. * * y - 

X (source) Jktf K U-f V (dra i n) 
[ 0 0 4 4 ] 

-ft*^->^A (CaF 2 ) fr^ft-SjlTJllSlgi:. *<D 

±izmjtzmmm$m&gk(D u >ft« (bp) 
«ttfBi:^?)**Tfl6«w*ei. ^(o±mt Lxmm-r 

*»-«a(^ffl-r*. dtiictij. it;&j&wiii8is<t 

[0 0 4 51 itzm^ ffiBttflBfr&A^flB.aPa fc 

T. £££©111 ^M{t^¥^$S B B B g^^^^Sg« 
[0 0 4 6] ftK, ^ig B B B S1Si:^ffiifi^0^tcm 

tea* h ts.z>mimm.z *u *ro±#©fii£tc#iyt{* 

•r-s.^ B s B jiraa^'i4^(S]±$-a--i»{ / pffl?rw-r-5»^i6. a 
fttto & « 1 1 1 KM{bti¥#{«£ B B B JI # & fc €> * *x * . 
[0 0 4 7] 

(S l WH^J) ^^$rij{M(e^DLT^^^T> K 
—7' ( u n d o p e ) <T> {00 1 } - 7 y {t* )V v 7 A 

(CaF 2 ) 3U@A&££1 0 l iLT, 0 3Kjjrf'> 
3 -y r l-7-/yX? (M E S F E T) 

[0 0 4 8 ] Wlfltj&ttl {0 0 

1 } -CaF 2 S«l 0 1 _h»cli, 'J WtM* (BP) 
LTMLfc«M 1 1 0 fcttifllL-fc. B PH 
mm 1 1 0(i, HmftWBfg (BC 1 3 ) /EMItV > 

(pc 1 3 ) /7K^ (h 2 ) Km&zm^tz— 

□ V>VP E&tcJ; 0 4 5 OtT-f&ftL/i. BCUC 
l 3 fflfltt&MOJt* ( = PC1 3 /BCU 

jt*> (±> i o o«c:»j£i,fc. mm*. 2 0 0 Ait* 

BPIffil 1 10O, CaF 2 lil0 1 troi^I 1 

i i ti^mmm 1 1 ov>±.m^z>mz o a©««h, 
b p *e> * zm&gks * t>mf& l , ©c* w±^©«« 
«BP*&<t * skips & * mfrt>mm l tz. m 
b prnmm i i o «f © u wtw*£flt#ts»©s*r*t± 

4. 8M%i£lSftfc. 
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[0049] b pmmm 1 1 o w*®±t-{±. hy^f 

)\,W)U ( (CH 3 ) 3 Ga) ZifWl* (Ga) 
fflU TV^e-T (NH 3 : 10 0%) £MSt (N) 9U 
M*X7-f v (PH 3 : 1 0%PH 3 - 9 0%H 2 ) 

&<) > (P) M.t-tz—nmw%fz (*su£) mocv 

Dftia 0 . 9 6 0tf7> Y--7<Dm.<t V XtWM 
(BP.-5N5) S B B B Ji 1 1 4 SnSBtLfc. BP.-5N 

siBAii i unmmmmt (=$) t±. nh 3 tPH 

10 0 3 tLX&Z. Smtffil 0 0 nm-kLTi. 

[0 0 5 0] BPo.97No.03S.Hjfl 1 4±(ct±. ±12 
roMOCVD&lCfc 0 9 8 0tT-iL?jJI££f*i:i--5M 
•ft#y 7A (GaN)il I 5 G a NH 1 

[ii#Tfi im&mmztfKtum 8-9 fc. z <dm 

m*1fi2 0 0 nmi«GaNi 1 1 5 (Cti, fiSclftB^tc: 
•»7V (5Mppm) -7K^il^-*-x$r^fflUTS 
* (S i) £ K-tV/*U GaNIl 1 5**t')7 
IS^2x 1 0 17 cm- 3 i1-^»n^gi:/j:Lfc„ CO 
20 nJgGaNUl 1 5 £ F E T ©JSttf, BP*>^ r * )U 

(c h a n n e 1 ) Jgt LX$imi-&tzlbX'&%. 

[0 0 5 1 ] nfl^G aN^-v^;PJl 1 1 5±ICti. 9 8 
Ott-iy'S i K-7'nfGaNi 0gJ5= 2 0 0 n 
m. <)Tm&= 2. 2 x 1 0 18 cm" 3 ) Z=>>?9 
9 hi 1 0 6 £ LTiiUfc. fiS«ffiSt©*-5 -y ? 

jgJKli, 5 L i'*;ug*fl}jS-f -5G a NB l l 5cO-&n«r 
*^ l ffi±0* h<Ot L/c. * + U Tiggli. ±I5W S i 
h'-evmwMOCVD Kfc&^OWiMZmv $ H± 

30 SCi^toTlSLfc. 

[0 0 5 2] —tmti 7*MJvr77^ -a««ripjffl 
UT/??->^>^Lfct, y-Mll 0 9 5rg2 
ItSfS©ffi«i:*«3V?? Ml 0 6«r, ^ ? v 
(CH 3 ) /7K^ (H 2 ) /T^rfV (Ar) ig-&#x 
5rffl^fc7"7X^i'y^>^*(^J: OI^^L. 'JtX (r 
e c e s s ) SP l l 6 ^ti^Lyi. U -trxgp l l 6CB 
\HZ-&tznBG a N^ + ^;UJS l l 5 WBg^SBi;:^? 
> (T i ) M> 04(Pt) MJkVte (Au) M^li<^ 
S«LT. T i /P t/Au»3B<D«S«jgj&^^-5 

40 f-VmZlfyZ umt-tZV-YWrnx 0 9$r*RgL 
fc. 7-XlI l 0 7 St/ KM VWI l 0 8 l±, y -tr 
XSPl l 6^^T*^|S)LT^$H±fcn^GaN3> 
9 9\-M \ 0 6<75^E±{c«S{tT. MESFET2i»S 
Lfc. 7-xMKH>lil 0 7&r>'l 0 8(iHn 
&Au -y;u-7^7/» (Ge) ^©*ffiSEaWBI^«s) 

[0 0 5 31 (JB 2 «H^J) *m 2 c7>Hife#ijT*C±. * 
IlOmSl ©jlSfe0iJi:|S|«i: U «SWS 1 1 0 5:i 

50 (BP) *e 'J Wtll • Vy7Al B a a (B. In 
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i-a P) K^fELT. 0 4(C^MODFETfflj£<0« 

mmzktezzm&iLtz. *-#\ mmmmit (=a) * 

0.3 1 <h-T^B a I n i- a P^^O. CaF, g« 
1 0 1 «c«MF*^-r«JBI¥S:i» 1 5 nmtt»l 1 
1 0£. CaFafflSl 0 1 J&Wfc«/±MOCV 
DttlciOflMtLfc. MOCVDffil;:J:*««Ji 1 1 0 
(D&f&lZlt, iStf^y (B 2 H 6 ) ^7tX7r/ (P 
H 3 ) (B) *>\fctf"J> (P) ©JS*4i:LTJB 

J >y^)A ( I n) m^t, 1 fI£-T£v 

^D'O^yx^MVy')/. (Cs H 5 In) £f'Jffl 10 
U/c (J. Crystal Growth. 107(1 
991). 360-36 4l#i) 0 £tz, MOCVD 
RJCJft^fltt&LfclN ^7c^®« (B 2 H 6 StfCs H 
5 In) co^trOiiS(c^-r^VjSS7C*lS3f4 (PH 3 ) 
©#ttS«K<0it*. ^b*5V/ Illittil 8 OdSS: 
L/c e + U TifTst LTCiTK^ (H 2 ) SrWffl L/io 
S&U:* iill 1 0«rfiBRi-«iELK«:4 5 OTCKRffi 
Ltztztb^ Be PsKl>C±B, 3 P 2 teft*3ft*7 , N#||<D 
U Wt«*£»*«S^W*jMft l o B 
o.3i I n 0 . 6fl PSSJg«JB 1 1 oa^igMgsnfco 20 
[0054] caF 2 isioi £<&*&#*ffil 1 IS 

«Offi«3&<i(::B« I n,- a P*efi^?>««$n. 
^±^^^ B B H®^*^^:L/cjl^^^L/cB a In 

i-aPin i 1 0(D±i,z^ m i omiMMizizmtsn 

tzb<n>£WM<0 nl&G aN^b^§ft*;H 1 1 5 

MOCVDttWOWILfc. riKaNft^ib 
11 1 5±(CM\ T> F-y m <Dnftm<tT)lsl~ t yi* • 
^'J^Ih^ (Alo. 2 oGao.8oN) ^&tt*JW|bNKj 
7nm^-ffl 0 5. S i K-7'CD nM&.<tT 
l-rjl, . #y ^AffiS (A 1 o. 2 oGa 0 .8oN) 30 
£S*£;fa2 0 nm£-r*« : P«*&JB 10 4. RUW 1 

1 0 6 Sr. MOC VD&tcJ; OK^ai^t, MOD 
F E T 4 ofl^tzft-f 3 Lte. 

[0 0 5 5] ft. ±IBO#Bti-/KW^«EEMOCVD 
?£^<£9j£®!L/c;6\ Si K-rAU.2oGao.8oNi 

?imm i o 4 tisKt zmzit^ w^*»t«*** 

i^ppm (parts per mi 1 1 i on) t 
-^*l^>^««yy7> (5<*Sppm) 
-7KH?&£#x ftjpjffl U |W1S 1 0 7 JgJK # 40 

£jl . 8 x l 0 ,8 cm- 3 <h*££t£l;:^(7) K-tr>^8K» 

£/c. i o 4t±. ssiw 

v (me t h o x y : -OCH 3 ) Sfc£<0&Sg#3TI' 

i&mft?<D'$Gm&i&<-f'«mmLtz h »j^^;ut;u 

( (CHa ) » A 1 ) £7;i^-^ (A I ) 

(A 1 o. 20 Gao.8oN) JBfi(C7;i/S~*Alj5i^£K* 
li:St$«^/:«lr*A5 0 50 
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[0056] tcDWt. m i <ommmtmm<D^mzj: 

auB«jft<*3(cu-fex«t*i i §zmm-&tztb<o 
sox^sfeL/c^. y-tzxan i scDm.mzm&Ltzn? 

«*SJB 1 0 4 ^S-hMT i / P t/Au^rllL/cy 
-hS® 1 0 9 £K§Lfc e V— XRtfKU-Y > 

til 0 7 , 1 0 8 (i, av^^MlO 6 <7>a®f;:*t 
^£]LTIeHL. @4i:/fvtMODFET4i:^LA:o 
[0 0 5 7 ] (» 3 ©HSfeM) 3 ©3Qfc«-ert. Sg 

miz, uwtwas (bp) ^b^^wu io*, b 

C 1 3 /PC 1 3 /H 2 ^ayvVPESCJ: 0350 
tt*L, (fi€iKloXHsMj:ntR^LTflW*iaM* 

^r«^L/c 0 BP««iB©««jas*<fcoiKat-r^ii 

tiz±r)^ B 13 P 2 »©U Wtffl*£*<WSfi<Z>#*fi 
$r»3%*S^BPii!l 1 0WL/:o 

[0058] **3©n*«"cfF»Lfc. sn i commm 
mm\ i ojgjiCKi. m i (om&mizismn^mm 

9. BPi-5N5S b b hI1 1 4. nlGaNft^JH 
1 1 5, 3>^^hil 06 ZmfcfitMLtz. 

SL ISLX*ioll*«^SBtta)#ffi(zj:«9y-bx«» 
1 1 6MLTT i/P t/Au^t>**y--r«S 

1 0 9«rJgffiU ^V^nilO 6(cttV-X 
5tfKK>«ffil 0 7 , 1 0 8 ^MtT, ME SF 

fFSL/cMESFETli, EI3 (c^L 

tzti$J$LX$>-?tz 0 

[0059105-7 l±. ±M<om 1 7!;M^ 3 OHJfeCT 
TftgL/cF ET<7) KU^ >«»-«ffi«Ftt©— 
^t, V-X/KM>W10 7, 1 O8fH<0 Kb* 

0 5 1*311 coHSfe^jT^ML/iME SFETOKK > 
«SK-«I£*H4-e& T. jE** Y- h7^y 3 > ( V 
-hflFffl) tmz&0tet:>=F*y (p i n c h-o f 

f ) m£&m£t$nxi^(Dfr7rsZtix^z> 0 ttz^ * 

tzmn%b(Dtte^tz?*Z)\sm&M&XlfaS 2 0 cm 

2 / V • s ^iffi^W^ISJK (electron mo 
b i 1 i t y) fctfefc-rcifcRRL-C. ]R 1 
WcOME S F ETCi. ^ 1 2mS^fll3 >^^^ 
>X (trance conductance:g m ) 
Mf^tl-S t><D£t£^tz 9 

[0 0 6 0 ] H!6Ci. ^2^HSfe^jT^ / FML/cMODF 
E TO K W VlSSt-iElttt (KSHmtt) ©— «-C 

mmmzmnzmz btz^iz&mzftm~tzi& 

-7. 8Vi:J^— X&^tz 0 
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[0 0 6 1 ] 0 7t±> maomMM-ZftStLtzMESF 

etoku-t >mm-nsms. m-sim^m <D~mx 
&z>«mz (o-mMmx-ii, m i G.m-tm< . m i roil 

MESFET^fFS$nf=o m Z (DWMM-eftWiLtzM 

esfetij, mi <»mMm<r>*nt\,tffi&mmm<»ft 
&<D&a l mmmi$.£mizLx^z < , mzm3^mmm<D 
m e s f e ti±> 'j xtmmgmfamik (b, 3 p 2 ) <o 

roniGaNft^;Hli, u.l5^mfS.i±m^ 9 5 

mmmx-ittzz. t*frvk\,x^% tnmzft%« 
em. mz <Dnmm\ztiz&Ltzmf&frbtez>mmmm.fo 

Tfrbtzibzntz. 

[0 0 6 2 ] (.itmm) *stmmx'<,t, m&v £ o im 

Wm'kBl%-tZ><Dlz&3LL^tTrz> 2 5 0TC^<b6 0 0 
W&mfrmtitz'&fex {00 1 } C a F 2 S«±(c 
$cBS LfcBP iii«Jf fcgtM*£#* f,M0DFE 

Tzmf&Ltz* xttmrnx^ b 2 h 6 /ph 3 /h 2 

&M0CVD&(;:£9. CaF 2 I«±l:9 0 0tt% 
Il^WBP (1* ; e;7*X7t^F) i:«f(cA73B B B 
C0Bi 3 P 2 t«LT^0, J.-PB, 3 P 2 ©tfii?: 

,^j3 o%i:-r-s^w^*^Lfc. a* c/'j3» m 
&i i B mmzm.t£Bpmzi$.mLtzm'$; ( ra^iifiScft 

¥^!&J .Vol. 24. No. 2 (1997). 15 

oi#i) tiHi^^i^sr^ffiis^fSMi-'S/c*. *J± 

^ijro^afji(±. c aF 2 mm<Di0kmiz%i&i-z>nm-tf. 
<Df&mm^mmzti&, gitttttcxtf'i.BP/B.aP 
2 m^mt^mfS. tstiztntKitz. 
[0 0 6 3 ] ±m<DM'mm<oyFMm®L*mMLx^ bp 
t^zB, 3 p 2 t<om-&fofrhtj.z>mmm±.\,z^ mwm 

fgWfS 2<Z>m.1M&ltfflm<?>nBG a N^**;UJg££}46 

•h-r-sinsi^Moc vdscj: offlji^-tf-. modf 
ETm&vmmm&fazmf&Ltz. m^x±u<Dmmm 
rn.ttoz.iu m 2 (om.mmtmmiz lx >j -txgpicy- h 

SfciIi©nIGaN3>??l-i±l:7- 
xMKl-I'Vfi^MLt, MODFET^'iL 
tz 0 YfSkLtzUO D F E Tti. 11 4 (c^L c> 

[0 0 6 4 ] *tiMmx{?m.LtzMODF ETt±. J%ft 

fc, ^^n£n^GaNJS B B Bg^^^*^)li:LT^ 

%)\sm<DT-mmnt.zmmLx^ &$?&t:> 

^*7lrtfc^-riE^^'y-hT^->3 V (gate 
action) £MlJ-<5. 1P*> F E T&tt£^ir¥i9f* 

ii 8 tt*itmmx-ftm. ucmodfeta^i^as 
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{zmnzfttzv- \- t ? -> 3 > ^^-r m o dfetok 

PamzKWLXga, lifi3mSt(S<, ttzftlz^ m>V 
-h/N'^TTX (b i a s) Tf(i, g m t±1Elc/J^t tt 0 
fvft^tfcfc'btCIb'S*^^ *Jt««fiJ <£> M O 
DFETtOg„ Officii. ^•^^^Jlro^a^tt3feO t (c 

at? n i: stj n (n^fmifm^.-f 

mftw&mxf&mLtzmmmtiz^ jes^ef etm 
^«^tfc^-r^-^^;ug (Sttn) trnffiLtzmmm 

fifflF E T&ffi%£-fZ>mimm.X'$>&. 
[0 0 6 5] 

tHBfl<Dai] *^»m*i i iztm^mzmtnu 
mm.m&Bmzmtiz>caF 2 m^ B mm±iz^ mm& 
izmnziL-fj&comitT )vz - <y i> • tru <?a • j >->■ 

20 7AS D B a l^«4ii»*'ff^«, 

?'??>X (g m ) £fgSi-t-5ME SFET&ifOIII 
[0 0 6 6] *^»ft*3S 2 (c|B««{£SiSffiP 

^**-i>„ ioT, f ETm^.(o^i±iz^i-^-m^nT- 
mmmmmmfcxi*, <tos^ gm ^w-t^fet^ 

30 <f#tt#|£]iiL/illI lSM{ttl¥##:^?rffi«r-# 

[0 0 6 7 ] Sfc. *^<7)f**^3(C|a«(73^IC{Sn 
if. C a F 2 *«tcot&^^ttlc«n^.fSS«ii)l^ 

mi&m±. FET©g m ?r<J;0^±^-tir«^i:\ III m 
-5. ^tttcgti-SME S F E T&if tf>I [ I m 

mm*mfcmi-zm&x~%z>m^tf&z>. 

40 [0 0 6 8] ^fc, *Prott*ll4 ic|H««^H)lti. ® 

f e Tmmi&z^mwmizmx&z,. 
[0 2] 7 y ft* •>? L.mm±izBi$.t! ntz*&mz 
mti% v >itmmmwm(Dfti®&gkmi&*:*-tmiiX:mx' 

[0 3] mi is^Vm 3 ©HWlC^^ME S F E T 
50 wft«£^-r»®glitli]-e;&£. 
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[@4] %z ©xiPiiij: mm.mimt> ^modfe 

[0 5] miwHSfefaj-C-fFML^MESFETWKH' 

[0 6] W 2 <DHjteMr-^M L/cM O DFETro KU-f 

[0 7] W.3 ©IffiifMLfcME SFETroKU-f 
VUgSt - ®±1#tt £ Tjrf 0 T* & % „ 
[0 8 ] it^jT-fPii Lf=M O DFETtf) KU-f >Sgt 

[W^-ro^l 

1 f e Tmmvmmmmte 

2 in mmityo¥mfom?tLxcDF et 

3 F E Tffli£OTi»f Hfjgft 

4 in mmitw^mwmirt lt©f et 

1 0 1 



10 



1 0 

1 0 

1 0 

1 0 

1 0 6 

1 0 7 

1 0 8 



0 9 

1 0 
1 1 

1 2 

1 3 

1 1 4 

1 1 5 

1 1 6 
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